Until recently, induced resistance to pathogens and phytophages considered separately and only in recent years the attention are being paid to the possibility of an induced cross-resistance. The aim of this work was to study the nature of the chemical interaction between plants and phytopathogenic microorganisms and arthropods phytophages, inhabiting the same ecological niche. The possibility of mutually-modifying effects of phytophagous and pathogens on quantitative and qualitative indicators of the defense response of tomato plants were shown. As the first order consumers the Western flower thrips Frankliniella occidentalis and whitefly Trialeurodes vaporariorum were chosen as most dangerous herbivores of greenhouse crops, and Pseudomonas syringae pv. tomato, a bacterial pathogen of tomato mottle, was used. The evaluation criteria were the changes in behavioral responses of herbivores and their demographic parameteres, and for pathogen the degree of infection development was expressed in points. Under the insects' free choice, the tomato plants previously infected with P. syringae, were more preferable by thrips, while remained not more attractive for whitefly. Attraction of thrips to infected plants may be due to the appearance and increasing content of volatile substances such as 2-methylbutanoic acid and dodecane, which are components of the thrips pheromone and allomons. Under the primary damage of plants by thrips and whitefly the further pathogen development differed (e.g., the thrips suppressed the disease, while the whitefly served as promoters for its development). Inhibition of the pathogen on plants damaged by thrips, may be due to an increase in the content of these chemical compounds, such as, for example, (E)-β-ocimene and -humulene that are part of many essential oils and plant extracts with antimicrobial activity. The content of these same substances was increased in plants in response to inoculation with the pathogen. The results indicate both the differences and similarities of some signaling pathways and mechanisms of defense reaction in plants in response to induction phytophagous or phytopathogens. It identified the induced resistance and partial antagonism (down to completely opposite effect -the reduction of plant resistance) with respect to a group of consumers. A thorough assessment of the nature of these responses, its biochemical and molecular genetic basis will contribute to the strategy of environment-friendly plant protection.
One of generally acknowledged approaches to introduction of environmental science into plant growing is decreasing pesticide load on agrobiocenosis. This is associated with more thorough research of plants' adaptive potential including resistance to main biotic and abiotic stressors. In order to choose appropriate plant variety, it is necessary to enhance plant defense response, particularly to induce a non-specific resistance. There is good evidence of general defense mechanisms which are known as acquired immunity providing resistance under repeated infection. Induced resistance can be both local and systemic. It can manifest itself in plant parts and organs which are distant from the primary infection site. This phenomenon, deeply investigated in plant-phytopathogen system, includes activation of protection genes and metabolic changes which are detrimental to pathogen. A systemic cross-resistance against fungal, bacterial, and viral pathogens is shown to occur after preceding or concurrent contact with related and unrelated agents [1, 2] .
Analogous increase in resistance against phytophages after damage caused by conspecific or heterospecific arthropods species was observed well after [3] . Currently, there is massive evidence in favor of involvement of different protective mechanisms in these processes [4] [5] [6] . Induction of volatile compounds is important fast reaction in plants to damage caused by phytophages. These compounds (e.g. repellents, deterrents, etc.) play important role in complex interactions between different trophic levels [7, 8] . Some substances that provide induced plant resistance were chemically analyzed and identified. Such substances are not directly toxic to injurious object and render protective effect through regulatory mechanisms [9] [10] [11] [12] .
Until recently, induced resistance to pathogens and phytophages considered separately, and only in recent years the attention is being paid to the possibility of an induced cross-resistance. There is contradictory information about mutual influence of changes induced by phytophages or phytopathogens to organisms of the same biotope [13] [14] [15] [16] .
For the fist time, we studied a nature of plant response to simultaneous impact of multiple damaging agents with different damage localization and different damaging mechanisms.
The aim of this work was to study chemical interaction of plants with phytopathogenic microorganisms and arthropods phytophages as different level consumers in the same ecological niche.
Techniques. Tomato (Solanum lycopersicum L.) Belyi Naliv cultivar (sensitive) plants were individually grown in plastic cups at 24-26 С with regular watering and complex fertilizing. Western flower thrips Frankliniella occidentalis and whitefly Trialeurodes vaporariorum were chosen as most dangerous herbivores of greenhouse crops, and Pseudomonas syringae pv. tomato (bacterial agent of tomato mottle, obtained from Russian State Agrarian University-K.A. Timiryazev Moscow Agricultural Academy) was a phytopathogen. The same objects were used as inducers.
In order to evaluate the response to phytopathogen, the tomato plants at a stage of 3-4 true leaves were inoculated with P. syringe (10 6 cells/ml, two lower true leaves were scratched with sand and then treated with pathogen suspension). Control plants were sprayed by water after damaging. Later, the plants with 5-6 true leaves and damage of 2.2-2.5 points (using 5-point scale) were used. Before the experiment, 2 lower damaged leaves were removed in all infected and intact plants. The plants prepared in such a manner were placed into glass cylinders (5 L) pairwise (test+control). Female Western flower thrips or whitefly imagos were put in these cylinders (30 insects per plant). Distribution of insects among the plants was counted 2 days after. After imago removal, the tomato plants were placed into isolated boxes to prevent repeated attack. Next generation thrips were counted after emergence of larvae, whiteflies were counted after appearance of second instar larvae. Response effectiveness was evaluated on the basis of number of phytophage offspring.
To examine the influence of the Western flower thrips or whitefly on a course of the disease, the plants were individually placed into glass cylinders with adult insects (30 insects per plant). One day after (two days for the whitefly), imagos were removed and the plants were left for 5 or 7 days to allow larvae of the Western flower thrips and the whitefly, respectively, to inflict damage (the load was 13.8±1.47 and 25.4±4.59 larvae per plant for the Western flower thrips and the whitefly, respectively). After larvae counting (in case of thrips the larvae were further removed), P. syringe (10 6 cells/ml) was applied to damaged and intact plants. In control plants, upper leaves were pre-scratched with sand. Leaf damage was evaluated 7 days after the inoculation.
Volatile substances were extracted from upper tomato leaves. The leaves were milled, and samples (1 g) were placed into 50 ml a conical flask to which hexane was added up to upper edge of plant material. Extraction was performed by sonication in ultrasound bath Grad 13-35 (OOO Grad-Technology, Russia) for 15 minutes. After decantation the extracts were filtered through anhydrous sodium sulfate. Hexane was distilled in vacuum at 35 С, and extract was concentrated to 500 l under nitrogen and stored at 18 С.
Samples were analyzed by gas chromatography-mass spectrometry (GC-MS) using a GCMS-QP5000 complex (Shimadzu Corp., Japan). Components were identified by comparison of retention times in their mass spectra to reference values. Specifications of gas chromatographic separation: 250С as solvent temperature; sample injection without flow separation (0.2 min); initial temperature of column (DB-5) 40С, temperature increase rate 10С /min, final temperature of column 270С, exposure at final temperature 15 мин; carrier gas helium with flow velocity 1 mm 3 /min; interface and detector temperature 280С. Specifications of mass spectrometry: ionizing electron energy 70 eV, interface and ion source temperature 280С, TIC (total ion current) identification.
Tests were performed in 10 replicates. Each test data were analyzed using ANOVA. Differences were considered significant at P  0.05.
Results. Evaluation criteria for phytophage were behavioral changes and demographic parameters (as the insects can refuse to eat or lay eggs on the plant due to plant defense reaction). For pathogen, the infection development was used as a parameter.
Tests of defense response in tomato plants to phytopathogen revealed that female Western flower thrips preferentially ate and laid eggs on phytopathogen-infected plants, when free choice. Number of adult thrips on infected plants was 3.0 times higher than that in control group. Such distribution of female insects resulted in offspring size (1.8 times higher than that in control group). However, in whiteflies, there were no significant differences in attractiveness to imago or in offspring size (Fig. 1) .
P. syringae infection resulted in production of 2,2-dimethylheptane, 2-methylbutanoic acid, 3-methyloctane, dodecane, stearic acid. Content of 1,4-dimethylcyclohexane, (E)-β-ocimene and -humulene increased 2.0-fold, butyl isobutyl phthalate and dibutyl phthalate content increased 2.6-fold and 8.7-fold, respectively, as compared to control, linalool, palmitine acid and linolenoic acid were 1.3 times higher.
Study of influence of primary damage of the tomato plants by Western flower thrips larvae and imago on disease development revealed systemic induced resistance. Average weighed score infection for upper leaves on the plants damaged by phytopphages was 3.0 times lower than that in control plants. On the contrary, the whitefly did not act as resistance inducer in tomato: test group showed significant 1.8-fold increase in damage score (Fig. 2) . Damage by the thrips resulted in 2.0-fold β-ocimene and-humulene level, 1.7-fold -terpinene level, 1.2-fold sabinene level, more than 5-fold diethyl phthalate and diisooctyl phthalate levels, 2.0-fold 9-octadecenol level, and 1.2-fold diisobutyl phthalate, dibuthyl sebacinate, dibutyl phthalate levels as compared to control. Damage by the whitefly resulted in production of cymene, myrcene, methyl salycilate and an increased content of-pinene.
It should be noted that the plants face different external factors during vegetation. These factors induce wide range of both synergetic and anatagonistic responces. Due to this fact, studying the nature of such response under interaction with several groups of heterotrophic consumers (arthropods phytophages and pathogenic microorganisms) in the same trophic niche is of great interest. Moreover, sequential or concurrent attacks of phytophages and infectious agents are commonly observed. This causes the necessity to study mutual effects of these agents.
Analysis of publications indicates possible mutual modifying effects of phytophages and phytopathogens on quantitative and qualitative characteristics of defense response in plants. It is reported that damage by thrips and aphid prevents plants from development of fungus Colletotrichum orbiculare [17] , and green dock leaf beetle Gastrophysa viridula can induce plant resistance to phytopatogens Ramularia rubella and Venturia rumicis [14] . In Arabidopsis thaliana damaged by larvae Pieris rapae, a significantly higher resistance was found to bacterial pathogens P. syringae pv. tomato and Xanthomonas campestris pv. armoraciae, but not to fungal pathogen Alternaria brassicicola [18] . In tomato, larvae Helicoverpa zea negatively affect both larvae (in case of repeated attack) and P. syringae pv. tomato. Moreover, in the same tomato plants the inoculation with P. syringae causes systemic induced resistance against both conspecific pathogen species and moth species H. zea and Spodoptera exigua. Unlike, tomato mosaic disease promoted body weight gain in larvae S. exigua, though inhibited proliferation of aphid Myzus persicae, therefore, its effects on the phytophages with different feeding habits were opposite [16, 19] .
Pathogen inhibiting on plants damaged by thrips, may be due to an increase in the content of certain chemical compounds. (E)-β-ocimene and-humulene are components of many essential oils and plant extracts with antimicrobial activity [20] [21] [22] . Terpenoid-terpinene significantly inhibits growth of fungi Sporothrix and Ceratocystis minor [23] . Sabinene possesses antimicrobial activity [24, 25] . Diethyl phthalate inhibits growth of Rhizobium vitis and Bacillus subtilis [26] . Other ethers of phthalic acid demonstrate significant antibacterial and antifungal activity against three gram-positive and two gram-negative bacteria and three pathogenic fungi [27] .
It is more difficult to interpret the results of chemical analysis for the plants damaged by whitefly, where P. syringae infection score is significantly higher than that in control group. Probably, the amount of secreted substances is of importance. Despite antimicrobial activity of monoterpens, 50 and 150 ppm o-cymene promotes growth of certain oomycetes [28] .
Accumulated data indicate that biological inductors can significantly change plant metabolism resulting in increasing production of secondary me- tabolites secreted by intact plants or in de novo synthesis of protective substances (volatile or extractable compounds) which were not previously produced. Probably, each pathogen or phytophage species triggers different defense mechanisms and induce certain chemical reactions in plant.
In our experiments, the plants previously infected by P. syringae, were more preferable for thrips than intact ones, though both plant groups were equally attractive for whitefly. Under the primary damage of plants by thrips and whitefly the further pathogen development differed (the thrips suppressed the disease, while the whitefly could promote its development). Probably, it is associated with specific effects of the inductors (phytophages and phytopathogens) on target tissues that causes distinct responses manifested in unequal accumulation of previously secreted and newly synthesized substances.
Attraction of thrips to infected plants may be due to the synthesis and increasing content of some volatile substances. In fact, 2-methylbutanoic acid and dodecane are components of the thrips pheromone and allomons [29, 30] . Western flower thrips showed a significant electro-antennographic response to-humulen [31] , and (E)-β-ocimene was determined as minor component with synergetic activity in composition of aggregated pheromone of this pest [32] . Thrips Cycadothrips chadwicki (Thysanoptera: Aeolothripidae) is attracted by (E)-β-ocim-ene [33] . Linalool and linoleic acid are found in chrysanthemums, the food plants for the Western flower thrips, and linalool is said to be the substance that attracts the insect by its flavor [34, 35] . Dibutyl phthalate is characterized by slight fruit flavor that can attract insects, and butyl isobutyl phthalate is found in some flowering plants [36] .
Summarizing data on chemical composition of the tomato plants allows us to reveal common pattern of damage caused by pathogen and the Western flower thrips. In both cases, there was significant increase in content of (E)--ocimene,-humulene and phthalates.
Thus, our results indicate both the differences and similarities of some signaling pathways and mechanisms of plant defense response to induction by phytophages or phytopathogens. We found both induced resistance and partial antagonism against a group of consumers, down to completely opposite effect of reducing plant resistance. Probably, plant response depends on taxonomic position of acting biotic agents and can be directed toward both conspecific and heterospecific species. A thorough study of induced defense reactions will give the opportunity to determine their ecological role and biochemical and molecular genetic mechanisms. It will contribute to the strategy of development of synthetic elicitors with different selectivity against certain biotic agent groups.
